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(54) Process and apparatus for the acetyfation of HgnocellulosJc materials 

(57) The invention provides that fibres, especially in 
sliver form are acetyfated by passing the sliver (20) 
through an atmosphere of acetic anhydride. The 
acetylation process involves applying energy to both the 
fibres and the acetyfation atmosphere. The fibres are 
heated by a laser or infra red radiation source (28), and 
the atmosphere is heated by microwaves. The slivers 
are wound on supply and take up roils (21 ,23) in inlet 
and outlet bulkheads (22,24), to prevent the acetic 
anhydride from escaping into the atmosphere. 
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Description 

[0001 ] This invention is concerned with the acetylation 
of Ngnocellulosic or natural fibres of all types including 
but not limited to jute- hemp, wood fibre, sisal, cotton, 
coir, wheat straw, hemp, tow, and flax, both seed and 
straw, and mixtures of same. 

[0002] The invention has particular application where 
the fibres can take up a sliver form, such as the from for 
example in which hemp takes up as it leaves the carding 
engine. The slivers are usually rolled for transportation. 
[0003] Acetylation of the fibres is a process which is 
effected where the propensity of the fibres to absorb 
water is undesirable and it is desired to minimise bio- 
degradation thereof. 

[0004] Although this invention is concerned with a 
general acetylation process for the fibres, it is of partic- 
ular use where the fibres especially in stiver form are to 
be incorporated into composites where the hydrophobic 
qualities of such fibres are desirable. Such composites 
may be used in the building and pipe lining industries. 
[0005] For example, such composites can be used as 
cladding and roofing sheets for buildings or such com- 
posites can be used in pipe lining systems which are 
referred to as 'cured in place' lining systems wherein a 
tiixjiar structure of resin impregnable material is 
impregnated with resin and is then placed in position on 
the pipeline or passageway surface. The resin is subse- 
quently cured so that the tube becomes a hard lining 
pipe. A detailed description of the pipe lining technology 
is given in U.S. Patent No. 4009063 and in U.S. Patent 
No. 4064211. 

[0006] However, the ultimate use of the treated fibres 
is not in essence to this invention. 
[0007] It is already widely known that many naturally 
occurring ftorous materials such as wood, jute, hemp 
and the like may absorb water, and in many cases, may 
expand as water is absorbed. Furthermore, it is also 
known that acetylation of such materials may increase 
their resistance to water, and depending on the extent of 
the acetylation process, render then almost totally 
hydrophobic. Many methods of acetylation of have been 
proposed, though as a 

[0008] result of research carried out by us, none, with 
the exception of the acetylation of cotton to produce 
rayon has been successfully commercialised, and it is 
believed that this failure to reach commercialisation has 
been due to the expense of setting up the necessary 
plant, and the difficulty of handling the acetylating 
agent, which is almost exclusively acetic anhydride-a 
volatile and toxic chemical. 

[0009] Examples of proposed methods are described 
in European Patent No. 0213252, International Patent 
Application No. PCTA3B95/0O371, European Patent 
Application No. 0650998, and International Patent 
Application No. PCT/SE93/0Q712. These specifications 
describe methods of acetylation wherein particular sig- 
nificance is attr touted to the means of removal of the 



excess acetylating agent For example, in European 
Patent No. 0213252, the material to be acetylated is 
placed into a basket which is immersed in an acetylating 
agent which impregnates the fibres, and the acetylating 
5 agent is then drained before other steps in the process 
are executed. 

[0010] In International Application No. 

PCT/GB95/00371, after the f tores have been exposed 
to the acetylating agent under specified conditions, the 
10 f tores are then stripped of most of the remaining 
acetylating agent and other acetylation reaction prod- 
ucts by a hot inert gas. 

[001 1 ] European Patent Application No. 0650998 dis- 
closes the use of a superheated chemical vapour to 
is remove most of the excess acetylating agent and 
acetylation reaction products. 

[001 2] The acetylating agent common to all processes 
disclosed in the above patent specifications is acetic 
anhydride, which has a particularly acrid vapour and is 
20 also an expensive chemical, and thus there is a require- 
ment for recovery of the chemical and post-acetyiation 
treatment of the acetylated f tores to remove any acrid 
vapours therefrom. 

[0013] Furthermore, the duration of the acetylation 

25 process is described above is lengthy. Although large 
batches of the ftores may be processed to increase the 
overall throughput of such processes, there is still a 
requirement that the f ibres be brought into contact with 
an acetylating agent for a predetermined period of time 

30 and at certain conditions. Times may range from 
between an hour and ten hours, and if the acetylation - 
conditions are particularly extreme, the duration of the 
process necessitates the construction of specialised 
acetylating vessels, which increases the cost of the 

35 process significantly. 

[0014] It is an object of the present invention to pro- 
vide a simple method and means for the acetylation and 
treatment of the fibres which will be cost effective, which 
will lend itself to economic production, and is quick com- 

40 pared to existing acetylation methods. 

[0015] It is also a yet further object of the present 
invention to simplify the acetylation process and 
increase the efficiency of the process. The objectives 
are achieved in the invention in several aspects. 

45 [0016] According to the present invention in a first 
aspect, there is provided a process for the acetylation of 
the fibres by putting them in a treatment chamber in 
which is contained an acetylation medium, and simulta- 
neously subjecting the fibres to laser light and/or infra 

so red radiation. The laser light if used, is preferably in the 
infra red spectrum. The laser light is used may be a 
C02 laseer. 

[0017] It has been found that laser light or infra red 
racfiation heats the ftores effecting or enhancing the 
55 acetylation of the ftores. 

[0018] If the appropriate amount of acetylation 
medium is used as set forth in our co-pending Interna- 
tional Application No. PCT/GB/01858, then the require- 
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men! for additional process steps to remove or recover 
any residual acetylating agent is thus obviated. The 
content of said International Application is incorporated 
hereinto by reference, and any feature or aspect of that 
application which is usable in connection with the 5 
present invention is considered to be a feature of the 
present invention. 

[0019] Where the ftores are in sliver form, it is pre- 
ferred that they sliver or slivers are fed into, through and 
out of the treatment chamber as the laser light energy is 10 
being applied. 

[0020] Preferably, the laser light or infra red radiation 
is diffused in order that the light will fall on a greater vol- 
ume of the fibres, to ensure more effective acetytation. 
[0021] Preferably, the fibres in sliver form are fed 15 
through the treatment chamber continuously by a suita- 
ble drive means comprising drive rolls which are 
arranged to feed the fibres but not to pull them apart and 
disintegrate the sliver form of same. 
[0022] The treatment chamber may be transparent to so 
the laser light or radiation so that the source can be 
located outside the chamber, and the light may be 
deflected by parabolic mirrors for the dispersion of 
same. Any number of laser beams or radiation sources 
and parabolic mirrors may be used. 25 
[0023] The treatment chamber may be elongated, 
preferably cylindrical, and may have slots at the ends for 
the feeding in and feeding out of the fibres, and in a pre- 
ferred form, there are bulkhead enclosures at the inlet 
end and outlet end, so that the fibres can be stored in so 
these enclosures before and after treatment. The enclo- 
sures can be differentially pressurised whereby the 
treatment medium can be caused to flow from the inlet 
end to the outlet end as the ftores move through the 
chamber. 35 
[0024] The treatment medium preferably is acetic 
anhydride which is supplied only in sufficient quantity to 
acetyiate the ftores to the required degree, although this 
is not essential to the Invention. 

[0025] Surplus acetic anhydride could be tolerated, 40 
the surplus being collected and returned to the inlet 
end. 

[0026] The laser light or infra red radiation has the 
effect of heating the ftores. which enhances the acetyla- 
tion process, but as an additional measure, to acceler- 45 
ate the acetytation process, heating for exarrple by 
microwave energy may also be applied to the ftores, for 
example in the same chamber containing the ftores or in 
a separate chamber. The microwave or other energy 
has the effect of heating the acetic anhydride, and the so 
heating of both the fibres and the medium accelerates 
the acetytation process, and the treatment time can be 
reduced. 

[0027] The chamber may suitably be a glass tube. 
[0028] As many as six rolls of the fibres in sliver form ss 

may be passsd trough the chsmbsr ©t frts s^matoa * 
[®02S3 The acetic anhydride may be introduced at the 
inlet ehd, and at tie outlet end acetic add may be drawn 



off. 

[0030] Prior to the treatment, it is preferable to first dry 
the fibres. Any suitable means may be used. 
[0031] The invention also extends to an apparatus 
comprising the features for carrying out the method of 
the invention in its widest or any preferred form. 
[0032] In a second aspect of the present invention, 
ftores in sliver form are acetylated by being fed continu- 
ously through an atmosphere of acetylating agent. 
[0033] The atmosphere may be heated, preferably be 
microwave energy. 

[0034] The sliver may be heated by laser light and/or 
infra red radiation. 

[0035] The heating of the atmosphere and the sliver 
may be effected in sequence. 

[0036] Preferably, the laser light and/or infra red radi- 
ation is applied to heat the fibres before they pass into 
the chamber where the heat is applied to the acetylating 
agent, which is preferably acetic anhidride. 
[0037] Embodiments of the invention will now be 
described with reference to the accompanying draw- 
ings, wherein ;- 

Rg. 1 is a diagrammatic view of a treatment appa- 
ratus for carrying out the method according to one 
embodiment; and 

Fig. 2 is a similar view showing a second embodi- 
ment. 

[0038] Referring to the drawing, the apparatus shbOvn 
comprises a clear glass chamber 10 which is of cylindri- 
cal form and is arranged with its axis horizontal. Its ends 
12 and 14 form inlet and outlet ends respectively, and 
each end is closed by a stopper, the stoppers having 
sfots 16. 18 therein to allow slivers of ftores 20 to be 
passed through the chamber 1 0. There may be as many 
of six slivers 20 passed through the chamber 10 at the 
same time. 

[0039] At the inlet end 12, there is an inlet enclosure 
22 in which there is a roll (or rolls) 21 carrying the slivers 
20. from which they are unwound and at the outlet end 
there is an outlet enclosure 24 of similar form which also 
carries a roll (or rolls) 23 onto which the ftores (after 
treatment) are rewound. The enclosures are sealed to 
the chamber 10 so as to be capable of containing ele- 
vated pressures therein. As the slivers of ftores are not 
capable of withstanding high tensile forces the rolls are 
driven in such a manner to prevent the slivers from 
being pulled apart as they are fed through the chamber 
10. 

[0040] Surrounding the chamber 10 is a heater 26, 
which may be electric in nature or it may be a microwave 
heater, in order to keep the temperature of the inside of 
the chamber 1 0 elevated. There is a translucent window 

in $w fcs&ter, i^hich may simply ba a g^p, so tiwfr lessr 
Eght from a laser source 28 may pass into the chamber 
10. The beam 30 from the laser 28 initially travels paral- 
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lei to the chamber axis, but then it strikes a parabolic 
mirror 32, by which the light is not only turned through 
90°, but also it is diffused into a wide beam 34 to 
impinge widely on the fbres 20 as they travel through 
the chamber 10. The dispersing of the beam of the laser 
may be by driving the mirror 32 in an oscillatory manner 
by a motor 33, so that the beam scans the f ibres 20 as 
opposed to being widened. 

[0041 ] For the acetylation process, acetic anhydride is 
introduced into the chamber 10 at the inlet end 12 
through an inlet 36. Inert gas is also introduced into the 
inlet enclosure 22 through inlet 38, and simultaneously, 
the pressure in the inlet enclosure 22 is maintained at a 
higher level than that in enclosure 24 so that with the 
feed of the fibres 20 through the chamber 10, there is 
also a flow of the acetic anhydride along the chamber 
10 in the same direction. 

[0042] The laser light heats up the f fores 20 and 
enhances the acetylation process, which also helped by 
the heating of the chamber interior by the heater 26. 
[0043] The method and apparatus provide a means 
for the effective acetylation of fbres of the type set forth 
above. 

[0044] The inert gas and acetic acid resulting from the 
process and collecting in the enclosure 24 are collected 
by being drawn off through outlets 40 and 42 and can be 
recycled if appropriate. 

[0045] Referring now to Fig. 2 of the drawings wherein 
similar reference numerals have been used for similar 
parts shown in Rg. 1 , the apparatus shown comprises a 
clear glass chamber 10 which is of cylindrical form and 
is arranged with its axis horizontal. Its ends 12 and 14 
form inlet and outlet ends respectively, and each end is 
closed by a stopper, the stoppers having stats 16, 18 
therein to allow slivers of fibres 20 to be passed through 
the chamber 10. The fibres are passed through the 
chamber continuously, but as in the first embodiment, 
continuous means that they may move continuously 
without stopping, or they may move step by step with a 
dwell time between steps, but the method is not a batch 
process. There may be as many of six slivers 20 passed 
through the chamber 10 at the same time. 
[0046] At the inlet end 12. there is an inlet enclosure 
22 in which there is a roll (or rolls) 21 carrying the slivers 
20. from which they are unwound and at the outlet end 
of the apparatus there is an outlet enclosure 24 of simi- 
lar form which also carries a roll (or rolls) 23 onto which 
the f fores (after treatment) are rewound. The enclosures 
are sealed so as to be capable of containing elevated 
pressures therein. As the slivers of. f fores are not capa- 
ble of withstanding high tensile forces the rolls are 
driven in such a manner to prevent the slivers from 
being pulled apart as they are fed through the chamber 
10. 

[0047] Surrounding the chamber 10 is a heater 26 
(optional), which may be electric in nature, in order to 
Keep the temperature of the inside of the chamber 10 
elevated. There is a translucent window in the heater, 



which may simply be a gap, so that laser light from a 
laser source 28 may pass into the chamber 10. The 
beam 30 from the laser 28 initially travels parallel to the 
chamber axis, but then it strikes a parabolic mirror 32, 

5 by which the light is not only turned through 90°, but 
also it is diffused into a wide beam 34 to impinge widely 
on the fibres 20 as they travel through the chamber 10. 
The dispersing of the beam of the laser may be by driv- 
ing the mirror 32 in an oscillatory manner by a motor 33, 

10 so that the beam scans the fibres 20 as opposed to 
being widened. 

[0048] Between the chamber 1 0 and the enclosure 24, 
there is installed in a sealed manner, a microwave treat- 
ment chamber 4Y, through which the fibres 20 pass. In 

is the centre of the micro wave chamber 4Y, there is a 
guide tube 6Y surrounded by the wave guide and micro 
wave energy sources 14Y, from which the microwave 
energy emerges in an inwards radial direction as shown 
by the arrows. The micro waves heat the acetic anhy- 

20 dride which is inserted into the tube 6Y at the inlet end 
as shown by SOY, whereby the fibres 20 as they pass 
through the tube are acetylated. 
[0049] For the acetylation process, acetic anhydride is 
introduced into the tube 6Y at the inlet end SOY. inert 

26 gas may also be introduced into the inlet enclosure 22 
at inlet 38, and simultaneously, the pressure in the inlet 
enclosure 22 is maintained at a higher level than that in 
enclosure 24 so that with the feed of the fibres 20 
through the chambers 10 and 6Y, there is also a flow of 

30 the acetic anhydride along the chambers 10 and 6Y in 
the same direction. 

[0050] The laser light heats up the fibres 20 and 
enhances the acetylation process carried out by micro 
wave heating of the acetic anhydride 
35 [0051] The method and apparatus of Fig. 2 provide a 
means for the effective acetylation of fibres in sliver 
form, 

[0052] The inert gas and acetic acid resulting from the 
process and collecting in the enclosure 24 are collected 
40 by being drawn off through outlets 40 and 42 and can be 
recycled if appropriate. 

[0053] Again, it is preferred that only sufficient acetic 
anhydride be used for the required degree of acetyla- 
tion. 

45 [0054] The invention provides a number of aspects, 
including the acetylation of f fores using laser light and/or 
infra red radiation, the acetylation of fibres in sliver form 
wherein the slivers are passed through a treatment 
chamber, the combined heating, especially using 

so mforwave energy, and laser or infra red radiation, for 
acetylation of fbres, and the sequential steps of heating 
the f fores in sliver form using laser and/or infra red, and 
heating of the acetylating medium, in the acetylation of 
the f tores of the sliver, and the invention also extends to 

55 any feature or features (method or apparatus) of any 
aspect in combination with any feature or features 
(method or apparatus) of any other aspect not identified 
by the application but which is shown to be novel and 
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inventive in the future. 
Claims 

1 . A process for the acetyiation of the fibres by putting 
them in a treatment chamber in which is contained 
an acetyiation medium, and simultaneously sub- 
jecting the f tores to laser light and/or infra red radi- 
ation. 

2. The process according to claim 1 wherein a laser 
light is used and is in the infra red spectrum. 

3. The process according to claim 2, wherein the laser 
light is a C02 laser. 

4. The process according to any of claims 1 to 3, 
wherein the fibres are in sliver form, and they are 
fed into, through and out of the treatment chamber 
as the laser light and/or infra red energy is being 
applied. 

5. The process according to any preceding claim 
wherein the laser light or infra red radiation is dif- 
fused in order that the light will fall on a greater vol- 
ume of the ftores, to ensure more effective 
acetyiation. 

6. The process according to any preceding claim, 
wherein the fibres in sliver form are fed through the 
treatment chamber continuously by a suitable drive 
means comprising drive rolls which are arranged to 
feed the f fores but not to pull them apart and disin- 
tegrate the sliver form of same. 

7. The process according to any preceding claim 
wherein the treatment chamber is transparent to 
the laser light or radiation, the source is located out- 
side the chamber, and the light or radiation is 
deflected by parabolic mirrors for the dispersion of 
same. 

8. The process according to any one of the preceding 
claims, wherein the treatment chamber is elon- 
gated. 

9. The process according to claim 8, wherein the 
treatment chamber is cylindrical. 

10. The process according to claim 8 or 9. wherein the 
treatment chamber has slots at the ends for the 
feeding in and feeding out of the f fores. 

1 1 . The process according to claim 8, 9 or 10, wherein 
the treatment chamber has bulkhead enclosures at 

th® wd& end and euttel ©rtd, so fet tfra fibres can 
be stored In tftss© enclosures before and sfter 
treatment. 



12. The process according to claim 11, wherein the 
enclosures are differentially pressurised whereby 
the treatment medium can be caused to flow from 
the inlet end to the outlet end as the fibres move 

5 through the chamber. 

1 3. The process according to any one of the preceding 
claims, wherein the treatment medium is acetic 
anhydride. 

TO 

14. The process according to claim 13. wherein the 
acetic anhidride is supplied only in sufficient quan- 
tity to acetylate the f fores to the required degree. 

75 15. The process according to any preceding daim, 
wherein as an additional measure, to accelerate the 
acetyiation process, heating is applied to the 
acetyl ating agent. 

20 16. The process according to claim 15, wherein the 
heating is applied by microwave energy. 

17. The process according to any one of the preceding 
claims wherein the chamber is a glass tube. 

25 

18. The process according to claim 17, wherein the 
acetiytation agent is introduced at the inlet end, and 
at the outlet end resulting products are drawn off. 

30 19. The process according to any preceding claim, 
wherein prior to the treatment, the fibres are dried. 

20. An apparatus arranged and constructed to carry 
out the method of any one of the preceding claims. 

35 

21. A process for the acetyiation of f fores, wherein 
f fores in stiver form are acetylated by being fed con- 
tinuously through a chamber containing an atmos- 
phere of acetyl ating agent. 

40 

22. The process according to claim 21, wherein the 
atmosphere is heated, preferably be microwave 
energy. 

45 23. The process according to claim 22, wherein the 
sliver is heated by laser fight and/or infra red radia- 
tion. 

24. The process according to claim 22 or 23, wherein 
so the heating of the atmosphere and the sliver is 

effected in sequence. 

25. A process according to claim 22, 23 or 24, wherein 
the laser light and/or infra red radiation is applied to 

55 heat the fibres before they pass into the chamber 

where the heM is applied to foe aeeiylatiRg agent. 

23. The process according to any of daiffis 22 to 25, 



5 



9 EP 0 909 618 A2 10 

wherein the acetlyation agent is acetic anhidrtde. 

27. The process comprising any feature of any of 
claims 1 to 21 in combination with any feature of 
any of claims 22 to 26. 5 
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Aus (1) ist bereits ein Verfahren zur Herstellung eines holzartigen Materials bekannt, das 

acetylierte Holzelemente sowie ein Isocyanat-Bindemittel verwendet. (3 

Ein Acetylierungsgrad von 7% Oder mehr bewegt sich im Bereich des zweckma&ig Ublichen 

und ist fur den Fachmann platt selbstverstandlich (vgl. hierzu zum Beispiel (2), Seite 6, 

Zeilen 24-30). 

Anspruch 1 ist daher mangels Neuheit nicht gewahrbar. 

Die beziiglich Anspruch 1 untergeordneten Anspruche 2 bis 5 enthalten keine Ausgestaltun- 
gen des anmeldungsgemalien Verfahrens, die fur den Fachmann nicht ebenso 
selbstverstandlich waren. Hierzu weist die Prufungsstelle auf den umfangreichen Stand der 
Technik hin (vgl. (3) bis (17)). 

Damit sind auch die untergeordneten Anspruche 2 bis 5 weder fur sich, noch zusammen mit 
Anspruch 1 gewahrbar. 
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(17) US 5 431 868 A 

(1) discloses a process for producing a wood-like material by using acetylated wood 
elements and also an iso;yanate binder. 

A degree of acetylatior. of 7% or more is within the range of what is customary and 
convenient and is absolutely self-evident to one skilled in the art (cf. example (2) page 6 
lines 24-30). 

Claim 1 is therefore not allowable for lack of novelty. 

Claim 1 's appendant ckims 2 to 5 do not contain any embodiments of the process of the 
present application that would not be similarly self-evident to one skilled in the art. For this 
the examiner cites the extensive prior art (cf. (3) to (17)). 

Hence the subsidiary claims 2 to 5 are not allowable either, whether considered by 
themselves or together with claim I. 

The process described h independent claim 6 combines the previously known process of 

mixing acetylated wood elements with nonacetylated wood elements as starting materials 
for producing wood materials (cf. (3) to (5)) with the use of isocyanates as binders and to 
that extent must be deemed new, but it is devoid of an inventive step, since a person skilled 
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in the art would self-evidently consider using the customary binders, which include 

isocyanates, in congeneric processes. 

Claim 6 is therefore not allowable for lack of inventive step. 

Claim 6's appendant chims 7 to 12 are mutatis mutandis subject to the same remarks as 
subclaims 2 to 5. Hence these subclaims are likewise not allowable either, by themselves or 

together with claim 6, 

On the basis of the present documents, there is no prospect of the grant of the patent. On 
the contrary, rejection oi'the application is likely. 
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